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Contrast water therapy is a popular recovery modality in sport; however, appropriate 
facilities can often be difficult to access. Therefo , the present study examined the use of 
contrast showers as an alternative to contrast water therapy for team sport recovery. In a 
randomized, cross-over design ten elite female netball athletes (mean ± SD; age: 20 ± 0.6 y, 
height: 1.82 ± 0.05 m, body mass: 77.0 ± 9.3 kg) completed three experimental trials of a 
netball specific circuit followed by one of the following 14 min recovery interventions; (1) 
contrast water therapy (alternating 1 min 38oC and 1 min 15oC water immersion), (2) contrast 
showers (alternating 1 min 38oC and 1 min 18oC showers) or (3) passive recovery (seated rest 
in 20oC). Repeated agility, skin and core temperature and perception scales were measured 
pre, immediately post, 5 h and 24 h post-exercise. No significant differences in repeated 
agility were evident between conditions at any time point. No significant differences in core 
temperature were observed between conditions however, skin temperature was significantly 
lower immediately after contrast water therapy and contrast showers compared with the 
passive condition. Overall perceptions of recovery were superior following contrast water 
therapy and contrast showers compared with passive recovery. The findings indicate contrast 
water therapy and contrast showers did not accelerat  physical recovery in elite netballers 
after a netball specific circuit; however, the psychological benefit from both interventions 
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 The professionalization of sport allows elite athle es to perform a greater volume of 
training and competition thus, resulting in the need for recovery strategies to enable athletes 
to cope with increased training load (27). In addition, sports which incorporate tournament 
style competitions provide a challenge for athletes to recover adequately before the next 
exercise bout (4). Hydrotherapy, specifically cold water immersion, can enhance recovery 
following both simulated and actual team-sport competition(9). Recently, Webb et al. (31) 
observed enhanced recovery in rugby union players following contrast water therapy 
(alternating hot and cold water immersion). The use of contrast water therapy has also been 
shown to benefit athletic recovery as evidenced by improved cycling sprint and time-trial 
performances (28), decreases in rating of perceived exertion and muscle soreness (13) and 
reductions in localized edema (26). Furthermore, Vaile et al. (26) observed the restoration of 
dynamic power and isometric force after contrast water therapy in individuals who completed 
a delayed onset muscle soreness inducing leg press otocol. These findings have increased 
the popularity of this recovery modality in sport (5); yet, access to facilities can be difficult, 
specifically when athletes are travelling. Most sporting venues allow athletes access to shower 
facilities, providing a possible alternative to contrast water therapy through the use of contrast 
showers (alternating hot and cold showers). To the authors’ knowledge, no studies have 
examined the recovery benefits of contrast showers on athletic performance despite athletes 
anecdotally using showers as a form of recovery.  
 
 The sport of netball is played worldwide with an estimated 20 million participants and 
is characterized as a fast moving team-sport placing high physical demands on players 
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Furthermore, elite netballers can be required to train or compete multiple times per day in 
tournament style competitions resulting in large demands placed upon the cardiovascular, 
metabolic, immune and musculoskeletal systems (13).In order for athletes to cope with these 
demands, appropriate recovery is essential which has led many teams to adopt some form of 
recovery strategy. In a recent survey of New Zealand sporting teams, 100% of elite New 
Zealand netball teams reported using contrast water therapy as their recovery modality of 
choice (12). When coupled with the large travel commit ents associated with many elite 
netball teams, it is likely that the development of alternative contrast water modalities is 
necessary. The purpose of the present study was to examine the influence of contrast showers 
and contrast water therapy on recovery following a netball specific exercise circuit. The 
findings could provide a viable alternative for coahes, athletes and strength and conditioning 
specialists who wish to use contrast water therapy as a recovery modality; yet, are limited by 




Experimental Approach to the Problem 
 
To determine the recovery benefits of contrast water th rapy and contrast showers in 
elite level netballers, this study examined the influence of three recovery conditions (passive, 
contrast water therapy and contrast showers) on performance (repeated agility), physiological 
variables (core and skin temperature and heart rate) as well as perceptions of effectiveness at 
three time points (acute, delayed and 24 h) after a netball specific exercise circuit. Data 
collection was conducted in a pragmatic manner as participants were currently visiting our 
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selected as the only performance variable due to its use within netball as a key performance 
test and its strong association with the physical demands of the sport. The study was 
conducted using a cross-over design in which all participants completed each of the three 
recovery conditions on different days. The order of c nditions was randomized for each 




Ten elite female netball athletes (mean ± SD; age: 20 ± 1 y (range: 18.5 y to 20.7 y), 
height: 1.82 ± 0.05 m and body mass: 77.0 ± 9.3 kg) volunteered to participate in this study. 
All participants were Australian representative netballers at either under 19 or under 21 age 
level and were in pre-season training. The sample size selected for this study was based on a 
sample of convenience as all participants were attending the laboratory settings as part of a 
pre-season training camp.  Prior to data collection, participants were provided with written 
documentation of the risks and benefits of participation in the study and signed a document of 
informed consent. Ethical approval was obtained from the Murdoch University Human Ethics 





This study required participants to complete five separate sessions: two familiarization 
sessions of the netball circuit to limit any learning or training effects, and three experimental 
testing sessions, during a four week period. All experimental and familiarization sessions 
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separated by a minimum of two days and were completed a  a similar time of day (± 1 h) to 
control for circadian variability (23). Training workloads prescribed by coaching staff were 
identical between sessions. Twenty-four hours prior to testing, participants were asked to 
refrain from caffeine and alcohol consumption and to ingest a similar diet. All participants 
were familiar with the performance test protocols and recovery techniques used in this study.  
 
Six hours prior to the start of each experimental tri l, participants ingested a core 
temperature pill (CorTemp® HT150002, HQ, Florida, USA). Upon arrival at the netball 
courts, participants were fitted with a heart rate monitor (Heart Rate Team Pack, Suunto, 
Vantaa, Finland) and skin temperature sensors (iButton®, Embedded Data Systems, 
California, USA) to four sites of the body; chest, arm, thigh and calf and completed baseline 
psychometric measures. Participants then commenced the exercise session (approximately 
08:45) with a standardized 15 min warm-up, which consisted of running drills, dynamic 
stretches and a series of sprints and jumps. Immediately after warm-up, participants 
completed the baseline repeated agility test and commenced the 15 min simulated netball 
circuit. Immediately following the simulated netball circuit, agility and psychometric 
measures were repeated, followed 20 min later by one f three designated recovery 
intervention (passive recovery, contrast water therapy or contrast showers). Ten minutes after 
completion of the recovery intervention, participants returned to the netball courts for 
repeated agility and psychometric measures (acute) af r which they completed these tests 
again at 16:00 (delayed) and 09:00 the next day (24 h) in order to replicate a typical training 
day for the athletes. 
 
All recovery conditions were 14 min in duration as this is consistent with previous 
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remained seated with minimal movement in a temperature controlled room (20.0oC ± 0.7oC). 
The contrast water therapy condition consisted of participants alternating between hot (38.0oC 
± 0.4oC) and cold water (15.0oC ± 0.3oC) full body immersion (excluding head and neck; 
starting with hot immersion) every minute with a five second transfer time between water 
baths. Water temperatures were controlled using a water tank and heater/chiller pump system 
custom built as part of the Australian Institute of Sport Recovery Center. Within the current 
contrast water therapy literature, a multitude of temperatures and durations have been 
employed (2,30). The choice of temperature and duration selected for this recovery 
intervention is consistent with previous contrast water therapy research within our laboratory 
(26,28,29). During the contrast showers, participants started with exposure to the hot shower 
(38.0oC ± 1.2oC) and alternated between hot and cold showers (18.0oC ± 0.4oC) every minute. 
Participants immersed their entire body including head under the shower. Participants were 
required to alternate between two showers (one hot and one cold) in order to eliminate the 
need to adjust water temperatures. The temperature of the cold shower represented the coldest 
water available from a standard tap within the recov ry center. During all water based 
recovery interventions, water temperature was continuously monitored (1Hz) using an iButton 
temperature sensor.   
 
The netball specific circuit used in this study was modified from Higgins et al.(10) and 
comprised of five stations spanning the length of the netball court separated by 3.5 m. A ‘lap’ 
was characterized by running through each station over the length of the court and jogging 
back in 30 s. The stations were comprised of movements such as short explosive sprints, 
agility, jumps and backward and sideways movements. The completion of one circuit 
involved five laps of the stations in 150 s (30 s per lap) followed by 30 s to complete five 
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back sprints from baseline to baseline were then completed in 24 s, followed immediately by 
10 netball chest passes at a wall. Five minutes were allocated to complete one circuit. This 
circuit was completed three times, totaling 15 min.  
 
The repeated agility test was used as the measure of physical performance and was 
selected as it represents a measure consistent with he primary physical demands of the sport. 
Participants were required to start from a stationary position and maneuver in and out of a 
series of five poles 2.5 m apart (21). The test was performed four times with participants 
starting every 20 s. The total time of each run wasmeasured by dual beam electronic timing 
gates (Speedlight TT, Swift Performance Equipment, Wacol, Australia). The laboratory 
coefficient of variation for the repeated agility tes  is 1.2%.   
 
Throughout the netball circuit mean and maximum heart rates were recorded. Core 
and skin temperature were recorded at baseline, post warm-up, post-exercise, prior to 
recovery as well as immediately and 20 min post-recov ry. Mean skin temperature (Tskin) was 
calculated using the following equation derived by Ramanathan(19): 
 
Tskin = 0.3 × (Tchest + Tarm) + 0.2 × (Tthigh + Tleg)  
 
Rating of perceived exertion was measured immediately following the netball specific 
exercise using the Borg scale (3). In addition, perceptions of fatigue were assessed at baseline, 
post-exercise, immediately post-recovery, and at both the delayed and 24 h time-point using a 
10 point Likert scale (1 = no fatigue and 10 = extrme fatigue) (3). To determine participants’ 
perception of the efficacy of each recovery modality, a pre- and post-intervention 
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post-exercise recovery modality will accelerate your recovery in this trial?”. Immediately 
post-recovery participants were asked “Do you believ  the post-exercise recovery modality 
has accelerated your recovery in this trial?”. Participants answered on a visual analogue scale 




Differences in performance, psychometric and physiolog cal measures between 
conditions over time were determined using a linear mixed model analysis. Significant main 
effects or interactions were analyzed using an adjusted Fisher LSD post-hoc analysis. The 
results of the efficacy questions were analyzed using a one-way ANOVA to test for 
differences within the three recovery conditions. A pre-post t-test was conducted to analyze 
differences within each recovery intervention. All statistical analysis was conducted using a 
SPSS statistical software package (SPSS Statistics v.21, IBM) with the level of significance 




No significant differences were observed for mean heart rate during the netball 
specific exercise circuit between the contrast water th rapy (180 ± 8 bpm), contrast showers 
(181 ± 7 bpm) or passive (182 ± 8 bpm) recovery conditions. Similarly, no significant 
differences were observed for rating of perceived exertion during the netball specific exercise 
in the contrast water therapy (18 ± 2 units), contrast showers (18 ± 1 units) and passive (19 ± 
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A main effect for time was observed for the repeated agility test. In all conditions, 
immediately after the netball specific exercise, repeated agility times were slower when 
compared with all other time points (Figure 1).  
 
Figure 1 about here 
 
There was a significant interaction between conditions for skin temperature at the 
immediately post and 20 min post-recovery time-points with a greater mean skin temperature 
in the passive condition (31.2 ± 1.1oC and 30.6 ± 0.8oC; respectively) when compared with 
contrast showers (27.4 ± 1.5oC and 25.4 ± 1.7oC; respectively) and contrast water therapy 
(24.6 ± 2.3oC and 24.9 ± 1.4oC; respectively) (Figure 2). No significant differences between 
recovery interventions were observed for core temperature. Regardless, the absolute 
magnitude of change in core temperature measured from immediately to 20 min post-recovery 
was greater after contrast water therapy (-0.3 ± 0.2oC) and contrast showers (-0.4 ± 0.2oC) 
compared with the passive (-0.1 ± 0.1oC) condition. 
 
Figure 2 about here 
 
Participants’ perceptions of fatigue are displayed in Table 1. A main effect for 
condition and time was observed for the fatigue measures with greater fatigue reported in the 
passive compared with the contrast water therapy conditi ns. Furthermore, in all conditions 
perceived fatigue was lower at baseline and 24 h compared with all other time-points; 
however, no differences were noted between conditios at any time-points. Perceived 
effectiveness before the recovery intervention was greater for contrast water therapy (20 ± 15) 
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participants perceived contrast water therapy (19 ± 14) and contrast showers (18 ± 13) to 
provide superior recovery benefits compared with the passive (73 ± 14) condition. A change 
in positive perception pre- to post-recovery intervention was observed for contrast showers 
only. 
 




 This study examined the influence of contrast water th rapy and contrast showers on 
recovery following a netball specific exercise circu t in elite netballers. The main findings 
were; 1) despite inducing fatigue following the netball specific exercise circuit in all 
conditions, no performance differences were noted between recovery conditions at any time-
point, 2) core temperature was not different between conditions at any time-point, although 
greater heat removal was observed in both water recovery conditions compared with control 
from immediately to 20 min post-recovery, 3) overall positive perceptions of recovery were 
observed following contrast water therapy and contrast showers compared with passive 
recovery, and 4) participants’ perceptions of contrast showers changed positively pre- to post-
intervention. 
 
The use of either contrast water therapy or contrast showers after the netball specific 
exercise did not enhance the recovery of performance i  comparison with the control 
condition (Figure 1). Our findings are similar to previous contrast water therapy research 
(6,13) during which an inability to induce adequate fatigue was suggested as the rational for 
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increases in agility times indicate fatigue. Furthemore, this netball specific circuit has 
previously shown to induce a high level of fatigue (10). Contrast water therapy is associated 
with a reduction of delayed onset muscle soreness following some team sports (e.g. rugby) 
which has been suggested to indicate recovery (31).It is possible in this study, although not 
measured; that muscle damage may have been minimal which would have limited the efficacy 
of our recovery interventions. Furthermore, current literature indicates contrast water therapy 
can enhance recovery following team sport activity; however, this was only observed greater 
than 24 h after the intervention (31). As the present tudy ceased measures at 24 h in order to 
determine the suitability of each recovery intervention in relation to normal netball 
competition demands, it is possible any recovery benefit may have been missed. In the 
absence of performance changes following either recov ry intervention, we suggest future 
research is warranted to examine the use of contrast w ter therapy and contrast showers in 
netballers after actual competition as well as repeated performance assessments more than 24 
h following exercise (11,28). 
 
To the authors’ knowledge, this is the first study to examine differences in core and 
skin temperature responses to both contrast water therapy and contrast showers. Regardless of 
the difference in the temperature of the cold water used during the contrast water therapy 
(15.0oC ± 0.3oC) and contrast showers (18.0oC ± 0.4oC); no differences were observed in core 
temperature between modalities (Figure 2b). This finding is not surprising as Proulx et al. 
(18) have reported similar core temperatures during post-exercise cold water immersion in 
water ranging 8 - 20oC. Consistent with previous research (15,16,25) this study’s findings are 
likely a product of peripheral blood vessel vasoconstriction (16,28) upon cold water exposure 
limiting blood contact with the cooler periphery. While not observed during the recovery 
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water therapy from post-recovery to 20 min post-recov ry compared with the passive 
condition. Versey et al. (28) observed a delayed cooling response in eleven trained male 
cyclists who completed a contrast water therapy intervention (alternating 1 min hot; 38°C, 1 
min cold; 15°C for 6, 12 and 18 min) following a 75min cycling protocol (28). This delayed 
cooling can be explained by the ‘afterdrop’ phenomena(1), the removal of core body heat 
after exposure to cold conditions due to sustained peripheral muscle cooling after rewarming.  
 
It should be acknowledged that fatigue is a multi-dimensional phenomena (1,14) 
consistent with both physiological and psychological hanges which can influence athletic 
performance (1). In this respect, the efficacy of recovery techniques should be evaluated at 
both a physiological and psychological level. It is possible for athletes who feel less pain and 
muscle soreness to have a heightened sense of well-being following recovery and perform 
better (20). For this reason, the placebo effect can have significant influence on the success of 
a recovery intervention (7,17). Our participants perceived both the contrast water therapy (19 
± 14) and contrast showers (18 ± 13) to accelerate recovery when compared to the passive 
condition (73 ± 14). These findings are likely due to the change in skin temperature associated 
with both water interventions (Figure 2a) as skin temperature is an integral component of a 
human’s perception of fatigue and comfort (8,24). An individual’s comfort level is shown to 
improve when the environment allows the return of body temperature toward homeostasis (8). 
Compared with the contrast water therapy conditions, a perceptual change was observed pre- 
to post-intervention for contrast showers. The noted change in perception further indicates the 
influence of skin temperature on perception, while th  difference between conditions is likely 
due to prior exposure. The current group of participants had routinely been exposed to 
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were not as customary, therefore perceptions of this modality changed only after the initial 
exposure. 
 
In conclusion, the current study provides novel information regarding contrast 
showers as a recovery modality and its comparison to contrast water therapy in a simulated 
team-sport setting. While no improvements in performance were observed, contrast water 
therapy and contrast showers resulted in accelerated skin cooling and greater perceptions of 
recovery. With the continued use of contrast water th rapy and possible use of contrast 
showers in netball, future research is needed to deermine the efficacy of these modalities 




The large physical demands placed on athletes during both training and competitions 
compel coaches and strength and conditioning specialists to provide the most appropriate 
recovery strategies to increase the chance of theirathletes’ success. Past research indicates 
contrast water therapy can be an effective recovery modality in a range of sports; yet, 
practitioners may be limited in the ability to provide this modality due to facilities and 
logistics. Findings from this study showed 14 min of c ntrast showers (alternating hot and 
cold each minute) used immediately after netball trining provided a similar perception of 
enhanced recovery when compared with contrast water therapy. While neither modality 
resulted in enhanced physical recovery compared with the control condition, we would 
suggest the psychological benefits observed could lea  to greater athletic success in some 
circumstances. With the increasing use of contrast water therapy as a recovery modality in 
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team and individual sport, we propose contrast showers could provide a more practical 
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Table 1. Mean (±SD) fatigue scores (units) measured at baseline, immediately post-exercise, 
immediately post-recovery, 5 h (delayed recovery) and 24 h after recovery in the contrast 












3.1±0.8 7.6±1.8 3.9±1.5 3.8±1.1 3.7±1.1 
Contrast showers 3.7±1.2 7.8±1.4 4.0±1.0 4.7±1.3 4.1±1.4 
Passive 3.6±0.7 7.9±1.3 4.3±1.0 4.7±1.1 4.0±1.1 
* Main condition effect; contrast water therapy significantly less than passive condition. ** 
Baseline values significantly less than all other time points. # Post-exercise values greater 





Copyright   Lippincott Williams & Wilkins. All rights reserved.






Figure 1: Mean (± SD) repeated agility measured at baseline, immediately post-exercise 
(PostEx), immediately post-recovery (Acute), 5 h post-recovery (Delayed) and 24 h 
post-recovery (24h) in the contrast showers (●), contrast water therapy (■) and passive 
(▲) recovery intervention groups. * PostEx significantly greater than all other time-
points.  
 
Figure 2: Mean (± SD) (a) skin temperature and (b) core temperature following contrast 
showers (●), contrast water therapy (■) and passive recovery (▲) measured at 
baseline, post-exercise (PostEx), start of recovery (StartRec), end of recovery 
(EndRec) and 20 min post-recovery (20minPost). * Contrast water therapy and 
contrast showers significantly less than passive conditi n. # Contrast showers 
significantly greater than contrast water therapy. ** Selected time-points significantly 
greater than baseline. + Selected time-points significa tly less than PostEx. ¥ 
Significantly less than StartRec. 
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